ABSTRACT. Elastase activity and concanavalin A (Con A) low affinity bovine lactoferrin (bLf) molecule were detected in mammary gland secretions (MGSs) from mammary glands (MGs) with clinical staphylococcal mastitis. Changes in clinical symptoms correlated with increases in both elastase activity and the concentration of Con A low-affinity Lf in MGSs from mastitic MGs. Bovine Lf treated with elastase (elastase-Lf) showed various small bLf molecules and the same image on Con A two-dimensional immunoelectrophoresis as low Con A affinity bLf in MGSs. We confirmed the presence of four common bLf peptides for the elastase-bLf and low Con A affinity bLf molecules in mastitic MGSs, and synthesized four peptides. Strong mRNA expression of interleukin-6 (IL-6), tumor necrosis factor α (TNFα), interleukin-8 (IL-8), and monocyte chemotactic protein-1 (MCP-1) was induced in bovine mammary epithelial cells on stimulation with low Con A affinity bLf, elastase-bLf, and GQRDLLFKDSAL, a synthesis bLf peptide based on nuclear factor kappa B (NFκB) activation. These results suggest that bLf was cleaved by elastase, and that this cleavage changed the physical function of Lf. Our results indicate that elastase induced production of low Con A affinity bLf, including the bLf peptide GQRDLLFKDSAL, and had an inflammatory effect on staphylococcal mastitis.
Lactoferrin (Lf) is a member of the transferrin family, and the concentration of bovine Lf (bLf) in milk increases in bovine mastitis [13] . We previously reported isolation of low molecular weight and low concanavalin A (Con A) affinity bLf molecules from staphylococcal mastitic mammary gland secretions (MGSs) [15] . These low molecular weight bLf molecules from mastitic MGSs show that induction of pro-inflammatory cytokines, such as tumor necrosis factor α (TNFα), occurs in the mammary gland (MG) and that they have no antibacterial effect. Low Con A affinity bLf molecules were detected at high concentrations in the MGSs of cows with mastitis. However, the production mechanism of this low Con A affinity bLf in the mammary gland is unclear.
In a previous study, a proteinase produced by periodontal bacteria degraded human Lf to various small-molecule human Lf peptides and inactivated their physiological functions [1] . Moreover, the activity of proteinases released from some immune cells, such as neutrophils, increases with inflammatory diseases.
Staphylococcus aureus (S.aureus), which produces proteinases including elastase, is a causative bacteria of bovine mastitis. Moreover, coagulase-negative staphylococci produce elastase in bovine mammary glands [39] . On the other hand, neutrophils are major components of somatic cells that increase during the early phase of bovine mastitis.
These increased neutrophils release Lf [20] and exhibit the proteolytic activity [27] of proteinases such as gelatinase A (matrix metalloproteinase-2; MMP-2), gelatinase B (matrix metalloproteinase-9; MMP-9), and elastase in MGSs [29] . The neutrophil elastase is the most important member of this family of enzymes. Some plasma proteins, such as immunoglobulin [6] , clotting factor [6] , and complement components [25, 35] , are degraded by human leukocyte elastase. In addition, some milk proteins are degraded by enzymes, including elastase, in MGSs [2] . Therefore, it is possible that neutrophil elastase and staphylococci-produced elastase degrade bLf in MGSs and induce Con A low-affinity bLf in staphylococcal bovine mastitis.
In this study, we examined induction of low Con A affinity bLf and elastase in staphylococcal mastitic MGSs. We also investigated the mechanisms of low Con A affinity bLf induction and elastase activity. Moreover, we examined the inflammatory responses of low Con A affinity bLf in bovine mammary gland epithelial lined cells (BMECs) [30] .
MATERIALS AND METHODS
Bovine lactoferrin (bLf) and anti-serum: Bovine Lf was purchased from Wako Pure Chemicals (Osaka, Japan). Bovine Lf (1 mg/ml) was incubated with 0.1 units of elastase for 1 hr at 37°C for the elastase treatment, and the enzymatic reaction was stopped by elastase inhibitor (Calbiochem-Novabiochem, San Diego, CA) solution.
Commercial anti-bovine Lf rabbit serum, anti-bovine Lf rabbit immunoglobulin G (IgG) (YAGAI, Co., Yamagata, Japan), and anti-bovine lactoferricin ( 17 FKCRR WQWRM KKLGA PSITC VRRAF) [5] monoclonal antibody (MAb) (obtained from Dr. K. Shimazaki, Hokkaido University, Sapporo, Japan) were used for both Con A two-dimensional electrophoresis and Western blotting [32] . The secondary antibodies used for Western blotting were horseradish peroxidase-conjugated anti-rabbit IgG goat IgG and anti-mouse IgG rabbit IgG (Rockland, Inc., Gilbertsville, PA).
Mammary gland secretions (MGSs) from staphylococcal mastitic mammary glands (MGs): MGS samples were collected from the healthy MGs of 5 cows and clinical mastitic MGs of 5 cows. These cows were 3 to 6 years old and 1 to 9 months after parturition. The clinical mastitic cows showed both systemic (pain and fever) and local clinical symptoms (firmness and swelling). Modified California Mastitis Tests (MCMT, PL tester, Nippon Zenyaku Kogyo, Fukushima, Japan) and clots in the MGSs were examined for all samples during the lactation period. Bacteriological examinations of the MGSs were performed for all clinical mastitic MGs [12] . The organisms isolated from mastitic MGSs of the 5 cases were S. aureus. The Lf concentrations in the MGSs were measured using the single radial immunodiffusion (SRID) method [13] (Eco-Biosystem Institute, Co., Furukawa, Japan).
Cells: Cells from the staphylococcal mastitic MGSs were separated as described previously [15] . The MGSs were centrifuged at 1,000 × g for 20 min at 4°C to remove the fat and whey and were then washed 3 times with PBS containing 20 mM EDTA. After washing, the MG cells were suspended in RPMI 1640 medium (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) containing 5% fetal calf serum (FCS; Gibco; Invirogen Corp., Carlsbad, CA).
Bovine mammary gland epithelial lined cells (BMECs) [30] were adjusted to 4 × 10 5 cells/ml in Dulbecco's modified essential medium (Nissui Pharmaceutical, Co., Ltd.) containing 20% FCS, 5 mM sodium acetate, and 10 µg/ml of apotransferrin (Sigma-Aldrich, Co., Ltd., St. Louis, MO). The BMEC culture medium was changed every 3 days.
Assay of elastase activity in the mastitic MGSs: MGSs were treated with cold 0.1 M sodium acetate solutions (pH 4.0) to precipitate caseins [7] . The sodium acetate-treated MGSs were centrifuged at 4,000 × g for 10 min at 4°C to remove the casein and fat, and then the supernatant was collected. The elastase activity of the MGSs from the mastitic MGs was measured by soluble elastin (Sigma-Aldrich, Co., Ltd., St. Louis, MO) zymography. Elastin at a concentration of 1.2 mg/ml was added to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels and electrophoresis was performed at 4°C with 100 V of constant current [11] . The gels were washed twice for 15 min in 2.5% (vol/vol) Triton X-100 to remove the SDS, rinsed with 50 mM Tris-HCl (pH 8.0) containing 5 mM CaCl 2 , and incubated for 72 hr at 37°C in the same buffer supplemented with 1 µM ZnCl 2 . The gels were then stained with Coomassie Brilliant Blue and destained with acetic acid/methanol to reveal bands of substrate lysis. Then, elastase activity was calculated using a standard solution of commercial elastase (type IV, porcine pancreas; Sigma-Aldrich).
Con A two-dimensional immunoelectrophoresis: The carbohydrate structure of each bLf, the bLf in the staphylococcal mastitic MGSs, and the bLf purified by Con A sepharose chromatography were analyzed by Con A two-dimensional immunoelectrophoresis [15] . The first dimension was conducted in a heated agar solution containing 0.02 M Tris-HCl (pH 7.2), 1.2% agarose (SeaKem ME Agarose, FMC BioProduct, Rockland, MA), and 0.1% Con A (Seikagaku Corporation, Tokyo, Japan). The samples (30 µg/well) were run at 9 V/cm for 1.5 hr. The second dimension was conducted in a heated agar solution containing 0.02 M Tris-HCl (pH 7.2), 0.5% anti-bovine Lf rabbit serum, and 6% α-D methylmannoside (Sigma-Aldrich), and was run through at 1.5 V/cm for 15 hr. After drying, the gels were stained with Coomassie Brilliant Blue. The concentrations of the different Con A affinity Lfs were calculated by the heights of the peaks.
Purification of bLf molecules in MGSs:
The MGSs from staphylococcal mastitic MGs were precipitated with 50% saturated ammonium sulfate. The precipitate was suspended in PBS. After filtration with a membrane filter (0.45 µm), the precipitate was dialyzed against PBS. The Lf in the dialyzed MGSs from mastitic MGs and/or healthy MGs was purified by affinity chromatography, which coupled antibovine Lf rabbit IgG to CNBr (Cyanogen bromide) activated Sepharose 4B (Amersham Biosciences Corp., Piscataway, NJ). Elution was carried out with a 4.5 M MgCl 2 solution. The bLf fraction was dialyzed with 0.02 M TrisHCl (pH 7.2) containing 0.5 M NaCl and was concentrated using a freeze-dry method. For further purification, the fraction eluted with the Lf affinity column was applied to a column of Con A sepharose (Amersham Biosciences) that had previously been equilibrated with 20 mM Tris-HCl buffer (pH 7.4) containing 0.5 M NaCl. Elution was carried out stepwise with 0.001 M, 0.01 M, and 0.1 M α-D-methylmannoside [15] . Each eluted fraction was dialyzed with deionized water and filtrated with a membrane filter (0.45 µm).
The protein concentration of each eluted fraction was measured by DC protein assay (Bio-Rad Laboratories, Hercules, CA). We confirmed that the endotoxin concentration was less than 10 EU/ml using an endotoxindetection kit (Endospecy ES-50M; Associates of CAPE COD, Inc., Falmouth, MA).
SDS-PAGE and Western blotting:
The molecular weight of both the bLf in the staphylococcal mastitic MGSs and the bLf purified with Con A sepharose chromatography were measured using 15% SDS-PAGE and Laemmli's method [18] . The purified bLf was confirmed to have antigenicity to bovine Lf by Western blotting. After SDS-PAGE, the bLfs were blotted onto a polyvinylidene difluoride membrane (Bio-Rad Laboratories). The blotted membrane was blocked with 3% ovoalbumin (Sigma-Aldrich) for 2 hr at room temperature. After blocking, the membrane was washed 3 times with wash buffer (0.05% Tween 20, 20 mM Tris, and 137 mM NaCl) for 10 min. The washed membrane was incubated with anti-bovine Lf rabbit IgG and/or bovine lactoferricin MAb at 4°C overnight. After incubation, the membrane was washed 3 times with wash buffer. The resulting antigen-Ab complexes were detected with ECL Western Blotting Detection Reagents (Amersham Biosciences) in a ChemiImager 4000 (Alpha Innotech Corporation, San Leandro, CA) N-terminal amino acid sequence determination: After SDS-PAGE and blotting, the blotted membrane was stained with Coomassie Brilliant Blue. After drying, detected bands on the stained membrane were excised, and the N-terminal amino acid sequence was analyzed. N-terminal amino acid sequences for each Lf molecule were determined using a protein sequencer (G1005A Protein Sequencing System; Hewlett-Packard Co., Palo Alto, CA).
Synthetic peptides: From the detected small molecule peptides of Lf, we selected 4 polypeptides from the common N-terminal amino acids both the elastase-treated Lf and Con A low affinity Lf without the antibacterial domain and Cterminal amino acid. These polypeptides were synthesized and provided by TaKaRa Bio Inc. (Kyoto, Japan).
Activation of bovine BMECs to induce mRNA expression:
BMECs were stimulated with 10 µg/ml each of bLf, elastase treated bLf (elastase-bLf), and low Con A affinity bLf and 100 µM of synthetic peptides in culture medium, which was then incubated at 37°C for 2 hr in a CO 2 incubator with 95% air and 5% CO 2 . After cultivation, the bLf-stimulated BMEC culture was analyzed for mRNA expression of interleukin-6 (IL-6), TNFα, interleukin-8 (IL-8), and monocyte chemotactic protein-1 (MCP-1) using the reverse transcription-polymerase chain reaction (RT-PCR) method. Total RNA was extracted from non-stimulated and/or bLf-stimulated BMECs using guanidinium thiocyanate, and mRNA was isolated by oligo (dT)-cellulose (QuickPrep Micro mRNA Purification Kit; Amersham Biosciences). Twenty microliters of mRNA sample was heated at 65°C for 10 min and then cooled on ice. First strand cDNA synthesis was performed with a First Strand cDNA Synthesis Kit (Amersham Biosciences). The samples were heated at 90°C for 5 min. For each PCR, 0.75 µl of input first strand cDNA was used in a final reaction volume of 50 µl containing 200 µM dNTP, 0.4 µM specific forward primer, 0.4 µM specific reverse primer, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, and 2.5 units of Taq DNA polymerase (Takara). As shown in Table 1 , the specific forward and reverse primers for IL-6, TNFα, IL-8, MCP-1, and GAPDH were produced as described previously [9, 14, 40] . Thermocycling was conducted using a program with an initial denaturing step of 95°C for 10 min followed by 40 cycles of 94°C for 30 sec, 55°C for 90 sec, and 72°C for 60 sec in a Perkin Elmer 9600 thermocycler (Perkin Elmer, Palo Alto, CA). The mRNA expression levels of each cytokine and chemokine are presented as relative units after normalization to the observed GAPDH level on a ChemiImager 4,000 (Alpha Innotech) [14] . Assay of nuclear factor kappa B (NFκB) activation: NFκB activation in the BMECs stimulated with bLfs and/or bLf peptides were analyzed using a Transcription Factor Assay Kit (TransAM NFκB/p65; Active Motif: North America, Carlsbad, CA) according to the manufacturer's instructions and as described previously for bovine retinal microvascular endothelial cells [21] . The peroxidase reduction was quantified at 450 nm with a reference wavelength of 655 nm on a microplate reader. The tests were replicated 3 times. The NFκB activation levels are presented as relative units after normalization to the observed NFκB activation level of untreated (medium) BMEC.
Statistical analysis: All of the experiments were conducted at least three times to confirm the reproducibility of the results. Experimental values are given as means ± standard error (SEM) of triplicate assays. Statistical significance between two means was evaluated by two-tailed Student's t-test, and P<0.05 was considered significant.
RESULTS

Detection of elastase activity and low Con A affinity bLf in staphylococcal mastitic MGSs:
The elastase activity of the MGSs from staphylococcal mastitic MGs was detected at 0.083 ± 0.004 units (Fig. 1A) . However, no elastase activity was detected in the MGSs of healthy MGs. As shown in Fig. 1B, 2 peaks differing in Con A affinity were detected in the Lf of the MGSs from staphylococcal mastitic MGs. In contrast, a single peak (P1) and a low level low Con A affinity peak (P2) was detected in the bLf of the MGSs from healthy MGs. The level of low Con A affinity bLf from the MGSs of staphylococcal mastitic MGs was higher than that of the MGSs from healthy MGs (Fig. 1B) . In the MGSs from mastitic MGs, the concentration of low Con A affinity bLf (747.8 ± 314.2 µg/ml) was higher than in the MGSs of healthy MGs (264.5 ± 117.7 µg/ml) ( Table 2 ).
The concentrations of low Con A affinity bLf in mastitic and Fig. 2A lane 2) . Elastase-treated bLf showed various molecular weights ( Fig. 2A lane 3) . We detected common molecular weight bands of 38 kDa, 23 kDa, 22 kDa, and 14 kDa for both elastase-treated bLf molecules and low Con A affinity bLf from the MGSs ( Fig. 2A lane 3 and 4) . Western blotting analysis with anti-bovine Lf rabbit IgG confirmed these bLf molecules (Fig. 2B) ; however, for low Con A affinity bLf, the 23 kDa and 22 kDa molecules were not detected using Western blotting with anti-bovine lactoferricin MAb (Fig. 2C) . Moreover, the elastase-treated bLf showed Con A low affinity with a similar peak (P2) to the low Con A affinity bLf in the MGSs on Con A two-dimensional immunoelectrophoresis (Fig. 2D) .
N-terminal sequences of low Con A affinity bLf molecules and elastase-treated bLf molecules:
The N-terminal aminoacid sequences of the three most common molecules in the low Con A affinity fraction of both the elastase-treated bLf and MGSs from staphylococcal mastitic MGs were determined using a protein sequencer. The 38 kDa, 23 kDa, and 22 kDa bLf molecule contained fragments with fifteen N-terminal aminoacid sequences of APRKNVRWC-T I S Q P E , A P V D A F K E C H L A Q V P , S F Q L F G S P -PGQRDLLF, respectively. The position of each Lf molecule in bLf is shown in Fig. 3 . The 38 kDa peptide of t h e b L f m o l e c u l e h a d a l a c t o f e r r i c i n d o m a i n ( 17 FKCRRWQWRMKKLGAPSTCVR) [5] and exhibited antibacterial activity [37] . However, low Con A affinity bLf did not have antibacterial activity against Eschericia coli or S. aureus [4] . In addition, the physiological function sites of Lf, which include the antibacterial and immunosuppressive activities, were similar to N-lobe fragments [5, 33] . Therefore, we examined the physiological functions of both the 23 kDa and 22 kDa N-lobe fragments. Since outbreaks of mastitis have been reported in humans [31] , sheep [19] , and goats [8] , both N-lobe fragments were searched for amino acid sequences in common with human Lf, sheep Lf, and goat Lf using a database system (GenomeNet; Kyoto University, Bioinfomatics Center, Kyoto, Japan). Subsequently, four peptides were synthesized from the bLf peptides of both the 23 kDa and 22 kDa bLf molecules (Fig.  3) .
Induction of cytokines and chemokines in BMECs with bLfs and bLf stimulation peptides:
Both IL-6 and TNFα are induced during inflammatory responses, including bovine mastitis. Therefore, the mRNA expression of IL-6, TNFα, The elastase activity in mastitic MGSs ( ) and healthy MGSs ( ) was measured by elastin zymography [7] and calculated using porcine elastase standard solution. Each sample was assayed in triplicate. (B) The bLf in the MGSs from staphylococcal mastitic MGs and healthy MGs was characterized and analyzed using Con A two-dimensional immunoelectrophoresis [15] . The data are expressed as means ± SEM. * P<0.05: Significant difference compared with the MGSs of healthy MGs. 62
The concentration of bLf in MGSs was measured using the SRID method [13] . The concentration of low Con A affinity bLf was calculated to determine the height of the high affinity (P1) and low affinity peaks (P2) using Con A two dimensional immunoelectrophoresis, respectively [15] . The content rate of low Con A affinity bLf was calculated with the bLf concentration as described previously [16] .
MCP-1, and IL-8 were examined with RT-PCR by stimulation with low Con A affinity bLf, elastase-treated bLf, and the four bLf stimulation peptides. Expression of IL-6 mRNA in BMECs was induced by stimulation with elastase-treated bLf (PCR index; 1.68 ± 0.52), low Con A affinity bLf (1.75 ± 0.51), and the pep4 bLf peptide (GQRDLLFKDSAL) (1.50 ± 0.33), and their PCRindex values were approximately 2-fold higher than that in the non-stimulated BMECs (0.68 ± 0.28) (P<0.05) (Fig. 4A) . For TNFα, the PCR indexes of elastase-treated bLf (1.58 ± 0.47), low Con A affinity bLf (1.67 ± 0.32), and the pep4 bLf peptide (1.50 ± 0.39) were detected at an approximately 2.3-fold higher level than that in the non-stimulated BMECs (0.71 ± 0.27) (P<0.05) (Fig. 4B) . Moreover, induction of IL-8 in the BMECs showed a 2-fold higher level in of PCR index for elastase-treated bLf (1.35 ± 0.28), low Con A affinity bLf (1.10 ± 0.45), and pep4 bLf peptide (1.00 ± 0.16) than for non-stimulated BMECs (0.61 ± 0.17) (elastase-treated bLf, P<0.01; low Con A affinity bLf and pep4, P<0.05) (Fig. 4C) . The PCR index of MCP-1 in the BMECs showed a 3.3-to 3.9-fold higher value on stimulation with elastase-treated bLf (3.03 ± 0.88), low Con A affinity bLf (3.00 ± 0.72), and pep4 bLf peptide (3.50 ± 0.36) than with non-stimulated BMECs (0.89 ± 0.37) ( P<0.01) (Fig. 4D) . On the other hand, induction of cytokines and chemokines on stimulation with bLf and other bLf peptides was lower than stimulation with elastase-treated bLf, low Con A affinity bLf, or pep4. NFκB activation on bLf treated BMECs: Low Con A affinity bLf (NFκB index; 5.7 ± 0.14) and elastase-treated bLf (NFκB index; 3.7 ± 0.19) showed a higher level of NFκB activation than bLf stimulated BMECs (NFκB index; 1.4 ± 0.18) (P<0.01) (Fig. 5) . Moreover, we confirmed NFκB activation in BMEC stimulated with pep4 (NFκB Index; 4.4 ± 0.13). However, we could not detect activation of NFκB in BMECs stimulated with the pep 1, pep 2, or pep 3 bLf peptides. 
DISCUSSION
We confirmed the elastase activity in staphylococcal mastitic MGSs. In contrast, we could not detect elastase activity in the MGSs of healthy MGs. Bovine Lf in staphylococcal mastitic MGSs showed two clear peaks on Con A two-dimensional immunoelectrophoresis, and a small peptide was detected in SDS-PAGE. Measurement of the bLf concentration is used as a clinical marker of bovine mastitis in Japan [13] , but in our previous report, we indicated that measurement of Con A low affinity bLf is a more sensitive clinical marker of bovine mastitis during the dry period than measurement of the bLf concentration in staphylococcal mastitic MGSs [16] .
Human Lf is degraded by the enzymatic activity of periodontal bacteria, and result in various Lf molecules [1] . Leukocyte elastase is a serine protease that increases during inflammatory disease, and degrades the complement component [25, 35] and immunoglobulin [6] . Moreover, previous studies have reported that bovine mastitic MGSs have a proteolytic activity [23, 27, 29] , and both S. aureus and coagulase-negative staphylococci-produced elastase induce various diseases, including bovine mastitis [4, 34, 36, 39] . In this study, we investigated whether bLf was cleaved by elastase into various molecules. As shown after elastase treatment, bLf was cleaved at each Ala (A) and Ser (S) site.
Moreover, peptides were detected that were common between low Con A affinity bLf molecules from staphylococcal mastitic MGSs and elastase-treated bLf. Therefore, it was suggested that bLf from staphylococcal mastitic MGSs was cleaved by enzymatic elastase, resulting in induction of low Con A affinity bLf [15] .
Three polypeptides from low Con A affinity bLf, 38 kDa, 23 kDa, and 22 kDa, were found in both the staphylococcal mastitic MGSs and elastase-treated Lf. The positions of both the 23 kDa and 22 kDa peptides were confirmed to be at the N-lobe of bLf near the C-lobe. This result indicated that each amino acid of bLf was cleaved at the C-terminal site of Ala (A) and Ser (S) by elastase in the MGSs from staphylococcal mastitic MGSs. Therefore, we examined the physiological effects of purified low Con A affinity bLf in the staphylococcal mastitic MGSs and the four synthetic bLf peptides, which showed high homology to human Lf for the 23 kDa and 22 kDa bLf molecules, on BMECs. We showed that there was mRNA induction for IL-6, TNFα, IL-8, and MCP-1 on stimulation with low Con A affinity bLf, elastase-treated bLf, and the pep4 bLf peptide (GQRDLL-FKDSAL). These cytokines and chemokines are induced during the inflammatory reaction of various diseases [3, 24, 26, 41] . Moreover, we confirmed NFκB activation in BMECs stimulated with low Con A affinity bLf, elastasetreated bLf, and the pep4 bLf peptide. We previously Fig. 3 . Amino acid sequences of common fragments in both low Con A affinity bLf and elastase-treated bLf and their positions in the bLf molecule of each synthetic Lf peptide. The 38 ( ), 23 ( ), and 22 kDa ( ) parts of the common domain of both Con A low affinity and elastase-treated bLf were blotted onto a polyvinylidene difluoride membrane, and the N-terminal amino acid sequences were analyzed using a protein sequencer. We synthesized four peptides with high homology to human Lf, goat Lf, and sheep Lf. The position of each bLf molecule, the antibacterial lactoferricin domain [5] , and the four synthesis peptides (pep1, pep2, pep3, and pep4) are shown.
reported that low Con A affinity bLf showed no antibacterial or inflammatory effects in mastitic MGSs [15] . Therefore, these results suggest that induction of IL-6, TNFα, IL-8, and MCP-1 is based on NFκB activation stimulation of low Con A affinity bLf and the pep4 bLf peptide. Moreover, these results indicate that when bLf is cleaved by elastase into small molecules, including the QRDLLFKD-SAL bLf peptide, the cleaved bLf has inflammatory effects, such as cytotoxicity and leukocyte infiltration, through induction of cytokines and chemokines (TNFα, IL-6, IL-8, and MCP-1).
Staphylococcal mastitis is a chronic mastitis [10, 38] with inflammatory symptoms, and staphylococcal infections persist for long periods of time [28] . In this study, we detected the induction of clinical symptoms, elastase, and cleaved Lf in staphylococcal mastitic MGSs. Staphylococci produce proteinases, including elastase. Moreover, neutrophils infiltrate into bovine mastitic MGSs and release leukocyte elastase. Therefore, bLf in MGSs may be cleaved by the enzymatic activity of elastase derived from staphylococci and/or neutrophils [22, 23, 27, 29] . Inflammatory induction of low Con A affinity bLf induces inflammatory responses in the bovine MG, including the induction of inflammatory cytokines and an increase in somatic cell counts [15] . On the other hand, we previously reported that the concentration of low Con A affinity bLf in MGSs was decreases after therapy with antibiotics and/or combination therapy with both bLf and antibiotics [16, 17] . Thus, low con A affinity bLf can be used as a diagnostic indicator of mastitis in the dry period [16] . Moreover, the results of this study indicate Fig. 4 . Induction of proinflammatory cytokines and chemokines in BMECs with elastase-treated bLf, low Con A affinity bLf, and bLf peptides. BMECs were stimulated with bLf, elastase-treated bLf, low Con A affinity bLf, pep1, pep2, pep3, pep4, and a non-stimulated BMEC control. The mRNA expression of proinflammatory cytokines IL-6 (A) and TNFα (B) and chemokines IL-8 (C) and MCP-1 (D) in BMECs were examined using the RT-PCR method. The levels of mRNA expression for each cytokine and chemokine are presented as relative units after normalization to the observed GAPDH level [14] . * P<0.05, ** P<0.01: Significant difference compared with bLf stimulation in culture.
that there is a possible relationship between cleaved bLf and the continuance of inflammation in the mammary gland. Therefore, we named this low molecular weight, low Con A affinity bLf molecule an "inflammatory-inducing Lf peptide."
